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[Claims] /258* 
[Claim 1] 

A magnetic disk characterized by the fact that it has a rigid 
disk substrate that has concentric or spiral grooves formed on its 
surface and by the fact that a nonmagnetic underlayer is provided 
on the aforesaid disk substrate, projections and depressions in 
correspondence to the aforesaid groove shape are formed on the 
surface of this underlayer, and a magnetic coating film that 
contains magnetic fine particles is formed over this underlayer, 
after which part of the aforesaid magnetic coating film is removed; 
in this manner, the magnetic layer is packed over the underlayer 
inside the aforesaid grooves. 
[Claim 2] 

A magnetic disk according to Claim 1, wherein the aforesaid 
magnetic coating film is removed so as to substantially expose the 
aforesaid underlayer present on the land portions between the 
grooves . 
[Claim 3] 

A magnetic disk according to Claim 1 or 2 , wherein the width 
of the aforesaid grooves is 0.5 to 10 ym, the depth of the 
aforesaid grooves is 0.05 to 1 pm, and the width of the land 
■por-tions— b.e.tw.e.en_the grooves is 0.5 to 10 y im. 



— lumbers -in- the- margin- indicate, pagination in the_ foreign 

text . 
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[Claim 4] 

A magnetic disk according to one of Claims 1 to 3, wherein the 
thickness of the magnetic layer on the underlayer inside the 
aforesaid grooves is 0.01 to 1 ]am. 
[Claim 5] 

A magnetic disk according to one of Claims 1 to 4, wherein the 
aforesaid underlayer is a coating film that contains inorganic fine 
particles having a Mohs hardness of 5 or upward. 
[Claim 6] 

A magnetic disk according to Claim 5, wherein the aforesaid 
underlayer further contains carbon black in an amount of 4 to 10 
percent by weight of the aforesaid inorganic fine particles having 
a Mohs hardness of 5 or upward. 
[Claim 7] 

A magnetic disk according to one of Claims 1 to 4, wherein the 
aforesaid underlayer is a continuous thin film having a Vicker's 
hardness of 600 or higher. 
[Detailed Description of the Invention] 
[0001] [Industrial Field of Application] 

The present invention pertains to what is called a hard-type 
magnetic disk, which has a magnetic layer of the coating type on a 
-rig-id— disk— substrate 
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[0002] [Prior Art] 

As magnetic disk driving equipment employed for computers and 
the like are used combinations of hard-type magnetic disk media 

(hereinafter referred to as magnetic disks), which have a magnetic 
layer formed over a rigid substrate, and of various kinds of 
levitating magnetic heads. 

[0003] 

Recently, there is an increasing demand for larger capacity or 
size reduction of magnetic disk units, and, to meet this demand, 
the realization of units having higher recording density has become 
an important challenge. For this purpose, efforts have been 
exerted for the development of magnetic disks that have thinner, 
smoother magnetic layers having a higher coercive force and higher 
magnetic flux density. For magnetic heads, in turn, great efforts 
have been made toward higher saturation magnetic flux density, 
narrowing of the gaps, narrowing of the tracks, and the like. 
[0004] 

It also becomes important to lower the levitation of the head 
slider so as to reduce the space between the head and the medium or 
to increase the durability of the medium. 
[0005] 

As magnetic disks, there are disks of the thin- film type, 
which are prepared by vapor-phase film- formation methods, such as 
sputtering, etc., and those of the coating type, which contain 
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magnetic fine particles and a binder. 
[0006] 

Of these, because of their high reliability and durability, 
magnetic disks of the coating type seem to be better suited to the 
current trend of reducing the levitation of the head, which may 
further develop into contact recording of the head and the medium. 
[0007] 

Rigid substrates are usually made of disc-shaped Al alloys, 
but the use of glass discs, whose surface is smoother, has been 
studied to achieve lower levitation. Furthermore, the demand for 
size reduction of driving units has led to a strong desire for the 
weight reduction of magnetic disks, and rigid substrates made from 
resin, which are lighter and also less expensive than the aforesaid 
substrates, have been receiving attention. 
[0008] 

As a means of increasing the recording density of a medium, 
there is, for example, a proposal described in Japanese Patent 
Published Unexamined Application No. 61-24021. This application 
discloses a disk, as shown in Figure 2, that has grooves (21) 
formed in a concentric pattern on a main surface of the disk 
substrate (2), on which substrate (2) is formed a magnetic layer 
-<-4-)^ — whose— surf ace— i.S— shape d into the same projecti on/depression 
pattern formed by the grooves (21), and that executes 
recording/reproduction with the magnetic layer (4) located on the 
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land portions (23) . 
[0009] 

This type of magnetic disk (hereinafter referred to as 
discrete track media) has advantages in that it can prevent 
crosstalk between adjacent tracks by separating the recording 
tracks with grooves (21) , thereby making it possible to realize a 
high track density, and in that, by utilizing the difference 
between the output from the magnetic layer inside the grooves (21) 
and the output from the magnetic layer on the land portions (23), 
precise tracking can be executed with relative ease. Another 
advantage is that access can be carried out with precision, thus 
avoiding seizure (sticking) of the magnetic head from occurring on 
the disk's magnetic surface; thus, durability can be further 
improved . 
[0010] 

With these objectives in mind, as shown in Published 
Unexamined Application No. 2-189715, it is proposed to improve the 
durability of magnetic disks by providing a nonmagnetic layer on a 
substrate, by forming a track pattern on this nonmagnetic layer, by 
forming a magnetic layer only at the depressed portions (grooves), 
and by adding an abrasive agent (filler), lubricant, etc., to the 
nonmagne tie— layers. — I-t— i.s_ also_pr_oposed , as in Published Unexamined 
Application No. 2-201730, a magnetic disk in which the magnetic 
layer .is left only at the depressed portions (grooves) formed on 
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the nonmagnetic substrate and the disk surface is covered by a 50 
to 500 A-thick carbon layer so as to reduce the coefficient of 
friction. 

[0011] [Problems that the Invention Intends to Solve] 

As discussed in the foregoing, although discrete track media 
have many advantages, the disks proposed up to date have the 
following shortcomings in practical use. 
[0012] 

In the case of recording on the magnetic layer on the land 
portions, as seen in the magnetic disk disclosed in Published 
Unexamined Application No. 61-24021, simultaneous improvements of 
different characteristics, that is, electromagnetic characteristics 
and durability, are required of the magnetic layer. Therefore, it 
becomes necessary to sacrifice the magnetic characteristics of /259 
the magnetic layer to a certain extent. 
[0013] 

On the other hand, in the magnetic disks disclosed in 
Published Unexamined Application No. 2-189715 and No. 2-201730, the 
magnetic layer formed on the projected portions of the pattern is 
removed so as to provide the magnetic layer (recording layer ) only 
in the depressed portions (grooves) ; therefore, these magnetic 
disks— show_impr ovements in that the nonmagneti c projected portions 
and the recording layer are more clearly distinguished and, 
furthermore, in that improvements of different characteristics, 
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more specifically, improvement of the electromagnetic 
characteristics at the depressed portions and improvement of 
durability at the projected portions, are achieved simultaneously. 
[0014] 

According to the former (Published Unexamined Application No. 
2-189715), however, a nonmagnetic layer is first formed on the 
substrate, which is followed by the formation of a track pattern on 
the nonmagnetic layer by a replica method, etc., and a magnetic 
layer is then formed; therefore, the film- forming process is 
divided into two steps, which fact adversely affects production 
efficiency. 
[0015] 

In addition, in the case of forming depressions (grooves), 
which constitute tracks, on a nonmagnetic layer comprised of a 
coating film that contains a hard filler, the presence of the hard 
filler is highly likely to become a hindrance to the formation of 
uniform grooves. 
[0016] 

Meanwhile, the latter (Published Unexamined Application No. 2- 
201730) is applicable to magnetic disks of the thin magnetic film 
type, which are produced by such means as sputtering, etc., but it 
h _ a's~"a"~nonmagnefe-i-e— carbon— lay-er^ov_er_tli^jnagn^ti^c^ layer , and, 
consequently, the distance between the magnetic layer and the 
magnetic head increases, which fact causes a coating- type magnetic 
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layer that contains magnetic fine particles and a binder to have 
the problem of decreased reproduction output owing to increase in 
what is called spacing loss. 
[0017] 

Unless a carbon layer is provided, the disk substrate and the 
magnetic head make direct contact, and the coefficient of friction 
between the magnetic disk and the magnetic head increases, thereby 
making it difficult to attain stable levitation. Furthermore, 
during the manufacturing process of magnetic disks, the 
grinding/polishing of the magnetic coating film results in direct 
exposure of the projected portions of the disk substrate, thus 
considerably increasing friction in the processing. Therefore, 
especially when a resin substrate is used, the surface of the resin 
may be melted by the frictional heat generated at the time of the 
processing, thus making the grinding/polishing process very 
difficult . 
[0018] 

The objectives of the present invention are to solve the 
aforesaid problems of discrete track media and to provide a 
magnetic disk that has high production efficiency, that has high 
durability and good magnetic characteristics, and that also has 
good^eiec tromagne tie- conversion— characteristics^ 
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[0019] [Means of Solving the Problems] 

These objectives can be attained by the present invention 
described in the following (1) to (7) . 
[0020] 

(1) A magnetic disk characterized by the fact that it has a 
rigid disk substrate that has concentric or spiral grooves formed 
on its surface and by the fact that a nonmagnetic underlayer is 
provided on the aforesaid disk substrate, projections and 
depressions in correspondence to the aforesaid groove shape are 
formed on the surface of this underlayer, and a magnetic coating 
film that contains magnetic fine particles is formed over this 
underlayer, after which part of the aforesaid magnetic coating film 
is removed; in this manner, the magnetic layer is packed over the 
underlayer inside the aforesaid grooves. 

[0021] 

(2) The magnetic disk described in the aforesaid (1), wherein 
the aforesaid magnetic coating film is removed so as to 
substantially expose the aforesaid underlayer present on the land 
portions between the grooves . 

[0022] 

(3) The magnetic disk described in the aforesaid (1) or (2), 
wherein— fehe^w-idth-of^the^aforjes_ai_d grooves is 0.5 to 10 y irt , the 
depth of the aforesaid grooves is 0.05 to 1 urn, and the width of 
J^he_ land portions between the grooves is 0.5 to 10 yim. 



10 



[0023] 

(4) The magnetic disk described in one of the aforesaid (1) to 

(3) , wherein the thickness of the magnetic layer on the underlayer 
inside the aforesaid grooves is 0.01 to 1 p. 

[0024] 

(5) The magnetic disk described in one of the aforesaid (1) to 

(4) , wherein the aforesaid underlayer is a coating film that 
contains inorganic fine particles having a Mohs hardness of 5 or 
upward . 

[0025] 

(6) The magnetic disk described in the aforesaid (5), wherein 
the aforesaid underlayer further contains carbon black in an amount 
of 4 to 10 percent by weight of the aforesaid inorganic fine 
particles having a Mohs hardness of 5 or upward. 

[0026] 

(7) The magnetic disk described in one of the aforesaid (1) to 
(4) , wherein the aforesaid underlayer is a continuous thin film 
having a Vicker's hardness of 600 or higher. 

[0027] [Operation] 

The magnetic disk of the present invention has the following 
configuration. Using a disk substrate (2) on which, as shown in 

Figure— 1-/— gr.ooves (21) and lan d portions (23) are formed in a n 

orderly manner in the circumf erential direction of the disk, the 
inside of the grooves (21) on a main surface of this substrate is 
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filled with a nonmagnetic underlayer (3) and magnetic layer (4), 
which will be discussed later, in this order, thereby constructing 
recording track sections. Meanwhile, the magnetic layer on the 
land portions (23), which separate the recording track sections, is 
eliminated by grinding, polishing, etc., thereby forming a 
structure in which only an extremely thin magnetic layer is 
present, particularly a structure in which the underlayer (3) 
provided for the purpose of improving durability, wear resistance, 
friction characteristics, conductivity, and the like is exposed. 
[0028] 

In the aforesaid discrete track media according to the present 
invention, particularly in a magnetic disk in which the underlayer 
is exposed, because the underlayer (3) on the land portions (23) 
exhibits excellent durability, wear resistance, lubricity, 
conductivity, etc., against the magnetic head, its intervening 
effect prevents seizure (sticking) resulting from the direct 
contact of the magnetic head and the magnetic layer, magnetic-layer 
breakdown, and the like; thus, a magnetic disk with extremely high 
reliability can be realized. Furthermore, by detecting signal 
changes at the projected/depressed sections, high precision 
tracking becomes possible, which makes it possible to increase the 
density— o-f— tracks — 
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[0029] 

Moreover, the use of disk substrates on which patterns have 
been formed beforehand makes it possible to circumvent problems 
related to pattern formation that arise from the presence of a 
filler, and, at the same time, because the magnetic layer can be 
formed subsequent to the formation of the underlayer, the 
production of magnetic disks can be carried out efficiently. 
[0030] 

It is desirable to employ a resin substrate, which is 
lightweight and on which it is easy to form grooves (21), as the 
disk substrate (2) . When this kind of resin substrate is 
used, the underlayer (3) on the land portions (23) functions J_2_ 
effectively as the control section in the final process of 
grinding/polishing and removing part of the surface layer of the 
magnetic coating film. Thus, the presence of the underlayer is 
highly advantageous for facilitating the grinding/polishing process 
and also for improving the surface precision. 
[0031] [Specific Configuration of the Invention] 

The following explains in detail the specific configuration of 
the invention. 
[0032] 

— P-ier-u-re— i l-~i-l-lustrates_a--pr_ef erred example magnetic dis k of the 

present invention . 
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[0033] 

The magnetic disk (1) has a rigid disk substrate (2) that has 
a projection/depression pattern, which will be discussed later. 
[0034] 

There is no specific limitation regarding the material used 
for the disk substrate (2), and metals, such as Al alloys, etc., 
glass, ceramics, resins, etc., for example, may be used. However, 
it is desirable to use resins because they are lightweight and also 
because grooves (21) can be formed easily on them by injection 
molding, etc., with the use of stampers. 
[0035] 

If a resin is to be used for the disk substrate (2), there is 
no specific limitation regarding the type of the resin, and any of 
various types of thermosetting, thermoplastic, and radiation- 
setting resins, including polyether imides, polyimides, polyether 
sulfones, polysulf ones , polyphenylene sulfides, polyacrylates , 
polycarbonates, polyacrylimides, polyoxybenzylenes, polyether ether 
ketones, amorphous polyolefins, phenol resins, epoxy resins, 
melamine resins, etc., can be used. 
[0036] 

The disk substrate (2) has, on one or both of the main 
surfaces-? — eoncentr-ic— or_spir.al orderl y groove s (21) formed in the 
circumferential direction of the disk. The magnetic layer (4) 
packed in these grooves (21) constitutes recording tracks. 



14 



[0037] 

There is no specific limitation regarding the cross-sectional 
shape of the grooves (21), and it may take various shapes, such as 
rectangle, etc. 

l u u ^ w j 

There is also no specific limitation regarding the dimensions 
of the grooves (21), spacing between the grooves, etc, and they can 
be determined as appropriate for the objective, etc., but the 
following dimensions are ideal. 
[0039] 

Width a of the grooves (21): 0.5 to 10 pm; depth h of the 
grooves (21) : 0.05 to 1 jam; and width b of the land portion (23) 
between a pair of adjacent grooves (21): 0.5 to 10 ym. 
[0040] 

There is no specific limitation regarding the manufacturing 
method of the disk substrate (2), and, in the case of a resin 
substrate, for example, it may be formed by injection molding 
simultaneously with the grooves (21) . 
[0041] 

The size of the disk substrate (2) is determined as 
appropriate for the objective, application, etc. Usually, the 
-ou ter— diame te -r— i s — 2.5— to.— 3-0-0— mm or thereabouts; the inner diame t e r 
is 10 to 150 mm or thereabouts; and the thickness is 0.1 to 3 mm or 
thereabouts 
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[0042] 

On one or both of the main surfaces of this disk substrate (2) 
are formed a nonmagnetic under layer (3) and a coating- type magnetic 
layer (4) . 

The underlayer (3) can be either a coating-type nonmagnetic 
film that contains inorganic particles and a binder or a thin-film- 
type nonmagnetic film formed by sputtering, etc. On the surface of 
the underlayer (3), projections and depressions that correspond to 
the shape of the grooves (21) of the disk substrate (2) are formed. 
[0044] 

In this case, it is preferable to form these projections and 
depressions in the shape that exactly matches the shape of the 
grooves or groove pattern on the disk substrate (2) . 
[0045] 

For an underlayer (3) of the coating type, it is preferable to 
use inorganic particles having a Mohs hardness of 5 or higher. 
[0046] 

If the Mohs hardness is below the aforesaid range, 
satisfactory durability, wear resistance, friction characteristics, 
etc., cannot be obtained. 

[-Q04-7-] . 

Some examples of inorganic particles having this level of Mohs 
hardness include a-Fe 2 0 3 , Al 2 0 3 , Cr 2 0 3 , Ti0 2/ Si0 2 , SiC, diamond, etc. 
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[0048] 

The average particle size of inorganic particles having the 
aforesaid level of Mohs hardness is preferably 0.5 pm or smaller, 
better yet, 0.05 to 0.2 pm. 
rnriAQi 

L w ** J 

To form an under layer (3) of the coating type, a nonmagnetic 
coating material in which one or more kind of inorganic particles 
having the aforesaid level of Mohs hardness and a binder are 
dispersed in a solvent thoroughly is applied to the substrate, and 
the coated film is subsequently cured. 
[0050] 

In this case, the nonmagnetic coating material may incorporate 
various types of additives, such as solid or liquid lubricants, 
surfactants, etc., as necessary. For example, carbon black may be 
added for the purpose of improving conductivity or lubricity. 
[0051] 

Although there is no limitation regarding the application 
method of the nonmagnetic coating material, spin coating is 
preferable . 
[0052] 

In order not to fill the grooves (21) on the disk substrate 

-wi-th— the^-under.layer (3), i n other words, i n order to bring the 

outline shape of the underlayer (3) inside the grooves (21) closer 
to the shape of the grooves (21), the following coating-material 
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preparation conditions are preferable. The ratio of the inorganic 
particles having the aforesaid level of Mohs hardness to the binder 
in the nonmagnetic coating material is preferably 20 : 1 or less, 
better yet, from 2 : 1 to 10 : 1, and, if carbon black is added, 
carbon black is preferably added in an amount of 4 to 10 percent by 
weight of the organic particles having the aforesaid Mohs hardness. 
In addition, it is preferable to set the weight ratio of the solid 
content in the nonmagnetic coating material to 40 weight % or less, 
better yet, to 10 to 30 weight %. 
[0053] 

In the case of spin-coating the nonmagnetic coating material, 
it is preferable to set the rotation speed of the disk substrate to 
2,000 rpm or higher, particularly to 3,000 to 8,000 rpm, so as to 
spread the coating material well into the inside of the grooves 
(21) on the disk substrate. 
[0054] 

There is no specific limitation regarding the thickness of the 
underlayer (3), but it is preferably 0.1 to 1 p for the coating 
type. 
[0055] 

A thickness that is less than the aforesaid range causes the 
depression/proj ection shape of the underlayer (3) to become 
nonuniform, whereas a thickness exceeding the aforesaid range makes 
it difficult to retain the depression/projection shape exactly in 
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the shape of the grooves when the nonmagnetic coating material is 

applied. 

[0056] 

An under layer (3) of the thin- film type is particularly 
desirable because the film-thickness distribution does not vary 
much and also because, compared to the coating type, it is easier 
to form the film surface into a depression/projection shape /261 
that matches the shape of the grooves (21) or the pattern. 
[0057] 

In this case, it is preferable to configure the thin- film- type 
underlayer (3) from a continuous thin film having a Vicker's 
hardness of 600 or higher, especially 800 or higher. 
[0058] 

If the Vicker's hardness is below the aforesaid range, 
satisfactory durability, wear resistance, lubricity, etc., cannot 
be obtained. 
[0059] 

The upper limit of the Vicker's hardness for the underlayer 
(3) is normally about 10,000. 
[0060] 

Vicker's hardness is the quotient obtained by dividing the 
load ap plied when an indentation is f ormed on the test surface, 
using a diamond indenter of a square-based pyramid whose opposite 
sides meet at the apex at an angle of 136°, by the surface area 
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found from the length of the diagonal of the indentation, and it 

can be usually calculated by the following formula. 

[0061] 

(Formula) Hv = F/S = [2Fsin(9 / 2)]/d 2 = 1.8544 F/d 2 
wherein 

Hv: Vicker's hardness 

F: applied load (kgf) 

S: area of the indentation (mm 2 ) 

d: average length of the diagonals of the indentation (mm) 
6: the angle that the opposite planes of the diamond indenter 
make 
[0062] 

Vicker's hardness can be measured by, for example, a light- 
load small hardness meter (MVK-IS) , manufactured by Akashi 
Seisakusho, or a similar product. 
[0063] 

The underlayer (3) having this level of Vicker's hardness is 
preferably a tin film that is formed by various vapor-phase film- 
forming methods, such as sputtering, etc., and that contains one or 
more kind of oxides, nitrides, carbides, silicides, borides, and 
carbon. Or, plasma polymerization films that contain particularly 
one or more from C, C and H, and N and C are al so desirable to use. 
As the film- forming method, a wet process, according to which a 
disk substrate is dipped into a solution of, for example, a silane 
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coupling agent, etc., to form a thin film of a polymer of these 
substances, or a sol/gel process, according to which a thin film of 
a silicide in glass form is obtained, can also be employed, 
although these are not vapor-phase processes. 
[0064] 

The thickness of an underlayer (3) of the thin-film type is 
preferably 0.001 to 0.3 urn. 
[0065] 

If the thickness is below the aforesaid range, the resulting 
underlayer has a tendency of not exhibiting its effects fully. A 
thickness exceeding the aforesaid range requires more time for film 
formation, thus reducing practicality, and, at the same time, the 
effects expected of the underlayer cannot be improved any further, 
thus making this level of thickness unnecessary. 
[0066] 

A coating- type magnetic layer (4) is formed over the 
underlayer (3 ) . 
[0067] 

In this case, it is preferable for the magnetic layer (4) to 
have a coercive force of 1,000 oersted (Oe) or higher. 
[0068] 

A coercive force below this value does not yield satisfactory 

electromagnetic conversion characteristics and, consequently, makes 
it difficult to attain high-density recording. 
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[0069] 



It is desired that the coercive force of the magnetic layer be 
selected so as to provide satisfactory overwrite characteristics 
for any magnetic head to be combined therewith. In this sense, it 
is usually preferable to set the upper limit of coercive force to 
2,000 Oe or less, though it need not be specified. 
[0070] 

A particularly desirable range of the coercive force of the 
magnetic layer is from 1,200 to 1,800 Oe. 
[0071] 

There is no specific limitation regarding magnetic fine 
particles used for the magnetic layer (4) , and various kinds of 
oxide magnetic particles, etc., can be used, but, to obtain the 
aforesaid level of coercive force, it is desirable to use magnetic 
particles with a high coercive force, such as ferromagnetic metal 
particles or hexagonal oxide ferrite particles, such as barium 
ferrite, strontium ferrite, etc. 
[0072] 

Used as the ferromagnetic metal particles are, for example, 
fine particles of Fe, Co, or Ni, alloys thereof, or fine particles 



comprised of these metals or alloys" thereof in which an additional 
element_selec±ed^fxoitL^^/_^to, Co , Si, Zn, Cu, Zr, Al, Ti , B i , Ag , 
Pt, etc., is incorporated. 
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[0073] 

It is also possible to use fine particles of these metals or 
alloys to which a small quantity of nonmetallic element, such as B, 
C, P, N, etc., is added; those that are partially nitrided, such as 
Fe 4 M, etc.; or those whose surface is coated with an oxide, etc., 
so as to improve corrosion resistance weather resistance, etc. 
[0074] 

Some examples of hexagonal oxide ferrite fine particles 
include a ferrite of barium, strontium, calcium, lead, etc., 
represented by the M type; the aforesaid ferrites in which part of 
the constituent elements, Ba, Ca, Sr, and Pb, is replaced by each 
other; or ferrites in which part of Fe is replaced by one or more 
kind of metal selected from Co, Ni, Ti, Cr, Zn, In, Mn, Cu, Ge, Nb, 
Zr, Sn, and other metals. 
[0075] 

Furthermore, the aforesaid hexagonal oxide fine particles may 
have a coating comprised of another oxide, organic compound, etc., 
on the surface so as to improve weather resistance or 
dispersibility . 
[0076] 

These magnetic particles may be used in combination of two 
kinds or more, as necessary. 
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[0077] 

According to an example method of forming a magnetic layer 
(4) , first, a magnetic coating material that contains magnetic 
particles and a binder is applied by spin-coating, and a magnetic 
field is applied in a solvent vapor to execute the leveling of the 
coating, which is followed by the orientation of the magnetic 
particles, and a curing process is implemented according to a 
conventional method. 
[0078] 

Thereafter, the coating is removed gradually by a surface 
processing method, such as grinding, polishing, etc., or by another 
method, preferably until the underlayer (3) is exposed. In this 
case, it is necessary to bring the thickness of the magnetic layer 
remaining over the underlayer (3) on the land portions (23) to 10 % 
or less of the thickness of the magnetic layer (4) over the 
underlayer (3) inside the grooves (21). For practical purposes, it 
is more desirable that no magnetic layer remain on the land 
portions (23 ) . 
[0079] 

The thickness of the magnetic layer (4) thus formed over the 
underlayer (4) [sic] inside the grooves (21) is preferably 1 p or 
less, be t ter yet , 0 . 5 ym or less. 
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[0080] 

If the thickness of the magnetic layer (4) exceeds the 
aforesaid range, a satisfactory overwrite characteristic cannot be 
obtained. Particularly in short wavelength recording, saturation 
recording becomes difficult and thickness loss increases, thereby 
making high-density recording difficult. 7262 
[0081] 

The lower limit of the thickness of the magnetic layer should 
be set so as to ensure a sufficient reproduction output and S/N 
(signal-to-noise) ratio, and a thickness of 0.01 ym or more, at a 
minimum, will suffice, but 0.05 ]am or more is preferable. 
[0082] 

Over the surface of the magnetic-layer side of the magnetic 
disk (1) of the present invention, a liquid lubricant, etc., may be 
applied as necessary to impregnate the magnetic layer (4). 
[0083] 

Preferable as the liquid lubricant here are liquid lubricants 
that contain fluorine-containing organic compounds. 
[0084] [Working Examples] 

The following explains the present invention in more detail, 
referring to concrete examples of the present invention. 
-[-0-0-8.5-1_Wo.r.kinq_ Exam ple 1 

A disk substrate having an outer diameter of 3.5 inches and a 
thickness of 1.27 mm that was comprised of a polyether imide resin 
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was prepared by injection molding, and, at the same time, grooves 
were formed in an orderly manner on one of the main surfaces of the 
disk substrate. 
[0086] 

The grooves were formed in a concentric shape in the direction 
of the circumference of the disk substrate, and its cross-section 
was rectangular. The following gives their dimensions. 
[0087] 

Width of a groove: 7.0 urn 
Depth of a groove: 0.5 urn 
Width of a land portion: 3.0 yaxi 
[0088] 

Over this disk substrate was spin-coated, and subsequently 
cured, the following nonmagnetic coating material that contained 
A1 2 0 3 as an abrasive at a rotation speed of 4,000 rpm, thereby 
forming an underlayer. 
[0089] 

Average particle size of Al 2 0 3 : 0.06 um 
Mohs hardness of the Al 2 0 3 particles: 9 

Weight ratio of the Al 2 0 3 particles to the binder: 5 to 1 
Weight ratio of the solid content in the nonmagnetic coating 
material : 3 0 weight % 
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[0090] 

The obtained underlayer had an average thickness of 0.5 ym, 
and it reflected the regularity of the groove pattern of the 
substrate well. 
[0091] 

Over this underlayer, a magnetic coating material that 
contained magnetic particles of a-Fe with a coercive force of 1,400 
Oe was applied by spin coating, and the coating underwent leveling 
and orientation processes and was subsequently subjected to a 
curing process. As a result, a magnetic coating film having an 
average thickness of 0.3 urn that spread well even into the grooves 
could be obtained. 
[0092] 

Thereafter, while the position of the substrate was changed a 
little at a time, the magnetic layer and the underlayer were 
polished with a polishing tape, and approximately 0.5 ym in total 
was removed, thus exposing the underlayer on the land portions. As 
a result, a magnetic disk sample in which the width of the magnetic 
layer on the disk surface was approximately 6.8 ]xm; the width of 
the underlayer (nonmagnetic layer) on the disk surface was 
approximately 3.2 jam; and the thickness of the magnetic layer was 
0.3 urn was obtained, and this sample was designated as Working 
Example 1 . 



[0093] Working Example 2 

A disk substrate having an outer diameter of 3.5 inches and a 
thickness of 1.27 mm that was comprised of a polyether imide resin 
was prepared by injection molding, and, at the same time, grooves 
were formed in an orderly manner on one of the main surfaces of the 
disk substrate. 
[0094] 

The grooves were formed in a concentric shape in the direction 
of the circumference of the disk substrate, and its cross-section 
was rectangular. The following gives their dimensions. 
[0095] 

Width of a groove: 8.0 ym 
Depth of a groove: 0.2 ynri 
Width of a land portion: 2 . 0 ym 
[0096] 

Over this disk substrate was spin-coated, and subsequently 
cured, the following nonmagnetic coating material that contained 
carbon black (conductive material) and Al 2 0 3 particles (an abrasive) 
at a rotation speed of 4,000 rpm, thereby forming an underlayer, 
[0097] 

Average primary particle size of carbon black: 0.02 pm 

Averag e particle size of Al 2 0 3 : 0.06 ym 

Mohs hardness of the Al 2 0 3 particles: 9 

Weight ratio of the Al 2 0 3 particles to the binder: 5 to 1 
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Carbon black content, based on Al 2 0 3 quantity: 7 weight % 
Weight ratio of the solid content in the nonmagnetic coating 
material: 27 weight % 
[0098] 

The obtained underlayer had an average thickness of 0.4 ym, 
and it reflected the regularity of the groove pattern of the 
substrate well. 
[0099] 

Over this underlayer, a magnetic coating material that 
contained magnetic particles of barium ferrite with a coercive 
force of 700 Oe was applied by spin coating, and the coating 
underwent leveling and orientation processes and was subsequently 
subjected to a curing process. As a result, a magnetic coating 
film having an average thickness of 0.3 urn that spread well even 
into the grooves could be obtained. 
[0100] 

Thereafter, while the position of the substrate was changed a 
little at a time, the magnetic layer and the underlayer were 
polished with a polishing tape, and approximately 0.3 ym in total 
was removed, thus exposing the underlayer on the land portions. As 
a result, a magnetic disk sample in which the width of the magnetic 
laye r on the d isk su rf ace was approximately 8 ym; the width of the 
underlayer (nonmagnetic layer) on the disk surface was 
approximately 2 ym; and the thickness of the magnetic layer was 0.2 
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um was obtained, and this sample was designated as Working Example 
2 . 

[0101] Comparative Example 1 

Using the same type of disk substrate and magnetic layer as 
those in the aforesaid Working Example 2, a magnetic coating film 
was formed directly on the substrate, without providing an 
underlayer. As in Working Example 2, this was polished until the 
land portions of the substrate were exposed, but, in this process, 
the polishing tape was burnt off whenever a land portion was 
exposed, causing the process to stop. Thus, it was difficult to 
carry out the polishing process smoothly; therefore, the polishing 
was done only for the sections that could be used for the 
measurement of friction, which will be discussed later. This 
sample was designated as Comparative Example 1. 
[0102] Comparative Example 2 

Over an aluminum alloy disk substrate that was smooth without 
grooves was spin-coated the same magnetic coating material as that 
of Working Example 1, which contained magnetic particles of a-Fe 
with a coercive force of 1,400 Oe, and the coating underwent 
leveling and orientation processes and was subsequently subjected 
to a curing process. As a result, a magnetic coating film having 
an_averaa e thickness of 0.3 u m was obtained. Thereafter, the 
surface of the magnetic layer was polished to smooth the surface. 
Because the magnetic layer did not contain an abrasive with a /263 
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high hardness, the magnetic layer was weak. Consequently, a 
magnetic disk sample with a large number of polishing scratches on 
the magnetic layer was obtained. This sample was designated as 
Comparative Example 2 . 
[0103] Comparative Example 3 

Over the same disk substrate as that of Comparative Example 2 
was spin-coated a magnetic coating material that contained the same 
magnetic fine particles as those of Working Example 1 and Al 2 0 3 
particles (an abrasive) with an average particle size of 0.1 um, 
and the coating underwent leveling and orientation processes and 
was subsequently subjected to a curing process. As a result, a 
magnetic coating film having an average thickness of 0.35 urn was 
obtained. Thereafter, the surface of the magnetic layer was 
polished, and a magnetic disk sample having a magnetic layer with a 
final thickness of 0.3 jam was obtained. This sample was designated 
as Comparative Example 3 . 
[0104] 

After the surface of the magnetic- layer side (magnetic 
surface) of the disk sample prepared in each working example and 
comparative example was impregnated with a fluorocarbon solution, 
their friction characteristics and electromagnetic conversion 
characteristics were evaluated. 
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[0105] 

Friction characteristics were evaluated by measuring the 
coefficient of friction produced when a ferrite head was placed 
with an applied load of 15 g against the magnetic surface of a disk 
sample that was rotating at a line speed of 5 mm/second. Here, the 
initially measured coefficient of friction was represented by u 0 . 
After the initial measurement, the line speed was increased to 300 
mm/second, with the head still making contact, and the line speed 
was again reduced to 5 mm/second after the passage of 10 hours, at 
which point the coefficient of friction was measured again. This 
coefficient of friction was represented by u 10 . 
[0106] 

The sample obtained in Comparative Example 1 showed a rapid 
increase of friction within 5 minutes of the start of the measuring 
process, and the disk rotation was stopped 10 minutes afterwards 
due to friction increase; thus, the subsequent measurement could 
not be taken. This fact indicates difficulty in stable operation 
as a magnetic disk. 
[0107] 

When each sample was used to record and reproduce, Working 
Examples 1 and 2 and Comparative Example 3 had no problem in 
recording and reproducing with a magnetic head levitated 0.14 \wi. 
However, compared to Working Examples 1 and 2, Comparative Example 
3 was found to have a poor S/N ratio because it contained 
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nonmagnetic abrasive particles in the magnetic layer. As for 
Comparative Example 2, because of extensive damage of the coating 
by the head, neither the measurement of coefficient of friction nor 
the measurement of recording/reproduction could be performed. 
[0108] 

Furthermore, with Working Examples 1 and 2, the attenuation of 
signals caused by the presence of the nonmagnetic layer that 
separated the magnetic layer could be used as the head positioning 
signals. It was learned that, as a result, positioning with higher 
precision and tracks with increased density could be realized. 
These results are shown in Table 1. 
[0109] [Table 1] 
TABLE 1 





Friction Characteristics 
Uo Uio 


Head 

positioning by 

discrete 

tracks 


Working Example 1 
Working Example 2 
Comparative Ex. 1 
Comparative Ex. 2 
Comparative Ex. 3 


0.15 
0.12 
0.75 

unmeasurable 
0.14 


0.26 
0.18 

unmeasurable 
unmeasurable 
0.31 


possible 
possible 

impossible 



[0110] 

The above results clearly show the effects of the present 
invention . 

- [oin] : . ~ : " . " 

When the under layer was changed to Si0 2 thin film having a 
thickness of 0.05 vim, Al 2 (V thin film having a thickness of 0.03- - 



]om, and other various types of continuous thin films having an HV 
of 600 higher, which were formed by sputtering, the variation in 
the thickness of the underlayer was reduced, and the friction 
characteristics and electromagnetic conversion characteristics 
were also excellent. 
[0112] [Effects of the Invention] 

In the magnetic disk of the present invention, the recording 
layer is constructed by providing a nonmagnetic underlayer that 
separates the magnetic layer that corresponds to the recording 
layer; therefore, head positioning with higher precision and an 
increase in the track density can be attained. By imparting high 
durability, high lubricity, high conductivity, etc., to the 
underlayer, a magnetic disk with an improved S/N ratio and also 
with excellent reliability can be realized. 
[Brief Explanation of the Drawings] 

[Figure 1] A partial cross-sectional drawing that illustrates 
one example magnetic disk of the present invention. 

[Figure 2] A partial cross-sectional drawing that illustrates 
a prior-art magnetic disk. 
[Explanation of the Key] 
1 magnetic disk 

2 disk s u bstrate 

2 1 groove 

23 land portion 
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3 under layer 

4 magne tic 1 ayer 
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0 1 ^mJ^±T*ntf<fcU*^ mzO. 0 5um£l±& 

[0 0 8 33 ^BSraffJiLTte, 7y^$r^OW«Mt 
[OOS43 

[0 0 8 5] mmi 

^@3. 6-f>3\ #31. 2 7mmCO#'J--W 
£ D fc*^ X^&fc&lttti&MK: J: D»« 

[0 0 8 6] ^X^^SO^fnJtC^^tttC 

[0 0 8 73 : 7. 0/zra 

flt<DSj?5 : 0. 5 /zm 

5>>FSCDli: 3. 0/im 

[0 0 8 83 C X^^tgJhlC mm&£hT<DA 

1 2 oa fiT^tyT©^*att^»&[Hte«k4 ooo 

[0 0 8 93 Ala Os tiL^CD^ftm : 0. 06/im 
A 1 2 Os tiL^O^—Xlgm : 9 
AU Os 8ftm >y<b(Z>mSJt : 5#1 
#ffl$&*f* <SDH»»©a«*fc : 3 0 w t % 

[0090] »*>titti : mm<D¥*mmm\zo. sum 
[oo9i] z.<vymm±\za-F efrztezumtii 

4 0 0 OeC0«^«fe^£*^S«tii^^Xtf> 
i«<0l^U>y£Bl««Tfc 

[oo9 2] &v>t, s&±ofi!:e^L.r^ifc$-a: 
>H«ii©TiftJB*«Hia-*fc.- coram, 5 s * x* * 

ffio«K£Jgcoi|Ii&6. Bum, 5*>r X^BaoTJfiP 

»M 1 

[00933 mmw2 

#1S3. 6-f>3\ #31. 2 7mm^fJX-fM 

i>, ^^^^x^ii«©-^*®(cMMiJ«itc»i^ 
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[0 0 9 4] ^X5r»«0»*|RlK:R|-frnttK 

[0 0 9 5] »OH : 8. 0 urn 
»CD8S£ : 0. 2 /tm 
9>Hflt®<I: 2. Oum 

[0 0 9 6] CO^ X^*«±IC. 

<««») *5<fctfA l 2 0 3 if (MM*) *<&trTB 
©#«i£§£*Bf£[Ill£&4 0 0 0 r pmfcTX fcT>n- h 

[0 0 9 7] A — ^^^^ y$Q> s ?-& — ^*£fi ; 0. 0 
2 jtitn 

A 1 2 Os tt?0>JF*5&S : °- 0 6 am 

A 1 2 Oa tt^^-XflW : 9 

A 1 j Os S*f Vj^OBBJt: 5*tl 

Ala 0 8 lZtt~?2>%—tf>Uytr<D$;^& : 7wt 

9£ 

*«ttft»+©H»»©Wllt :27wt% 
[0 0 9 83 &*>tltzTmm<DY1$»m\$0. 4 urn 

[0 0 9 93 CCS>T»JB-hK^0»>A7x^-f h#>&& 

•samba 700 o e <oa»«tt^ft**rr 

£Xfcr>=3-hjfcfc t fcD&*iU M©i/^u>yts 

[0 1 0 03 *t»T, »K±OffilB**Lt"^aWfcSia; 
U *#fcLTJ?SD. 3amg&0£BI£»3;UT^ 
fflO«t^P<D(i*tl8 Mm, SVX^*iH0>~Ftt*©1B 

«&^x#if>:/;ua*^£ttfco ^co^>^v^^te 
[0101] jt«mi 

X4r JMfi* J:tWttJBtt, ±B%JWi 2 &H*Tr, 
40 ttMWfMtLfc. C©«fc5 



i ^-r^. 

[0 10 2] JtttM2 

»^^V^m^T^5«»!;jU-&^ScD^^X^S«±Ew 
SfeKMl t^l^a-Fe^^Sft^l 40 0 Oe 

«lSL,«: e COte*, ^flU9 0. 3tfm(Z)aitt!UI«f 

50 ^tlfc. ^ffi¥^o«:6e>fc, fifttte^ffi^ 
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<7) 



^H¥4-2 5 14 3 5 



U 

mm\sizt£*>* m&mwzm&(z>m^mmtt&ft&L> 

[0 1 0 3] Jt«0S3 

[0 1 0 5] g*«E*H£&, 7x^h^yHSItll5 
\ i &&Xfc& : £mm&S 0 Oram/^C-hH 1 0B#R 



12 



to l o 6] *b««io>u->^;u-ctt, 

[0 10 7] §f>fXy^>^W:^U Gflfc?? 

3 ttttt^A, yW. 14a mt»i**T«ttP»a 

to i o 8] ms^ji*j:r^2r«att^^ 

f^flftlTiV^Ch^to CCD**, 
[0 10 9] 

tan 



i 





a * w * 


M 1 0 




^ifeW i 


0. 15 


0.26 






0. 12 


0.18 


«r 


tt«E« 1 


0.75 ffl 
















0. 14 


0. 3] 





[0 110] tt±fl!>IB**6*S8WO»*^We*»T* 

[0 111] TS&J9£, X/^*U>4ttc«fc*IK [01] #S5^a>^5VX£>cD 1 m&m 2 n*&#Br 

J9 0. 0 5 jumCDS 1 O2 Mm, KJ90. 0 3/imOA 40 H$n?fc£<, 

J-*.O. 9 ._ltlK*«>HV-6-0-0.^OftammiC^^ ~[K2]-^OMt^-X^^^ 

[0 112] 1 mSitT4M 

t sifti s^isrr sM#0T^i&t ttt h 7 y ^ 21 s 
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(8) ^4-2 5 1435 
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